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Al~traet--Mechanism of chiral recognition isone of the most exciting problems in organic hemistry and 
biochemistry. Starting with a model of three-point interaction between two individual molecules, we come 
to a more complex recognition system composed of homostructural and homochiral molecules, mimicking 
the asymmetric surfaces catalyzing biochemical reactions in living organisms. These asymmetric surfaces 
can discriminate between the enantiomers of entirely different molecules, o they are able to separate the 
synthetically prepared optical isomer mixtures and this system is a good model for studying second order 
weak interactions playing an important role in enzyme catalyzed reactions. The asymmetrically situated 
binding points on the surfaces formed by the discriminating molecules require complementary positioning 
for interacting roups in the guest molecules, and this requirement cannot be completely fulfilled by both 
mirror image molecule. Compounds able to form such chiral surfaces are good and frequently applied 
resolving agents. 
SYMMETRY AND CHIRAL ITY - -PR INCIPLE  OF  APPROPRIATENESS 
There are giant molecules among the building blocks of higher organized living organisms, such 
as the nitrogen-carbon skeleton of the porphyrine molecule in hemoglobin, which can be built up 
with the aid of manifold screw axes. The very complicated protein framework of hemoglobin is 
composed of four nearly identical protein chains [2], which are directed in such a way that the whole 
molecule has three (a true and two virtual) orthogonal twofold screw axes (Fig. 1). Compounds 
with fundamental importance for life are characterized by the lack of mirror symmetry. 
In view of the encoding mechanism of giant asymmetric molecules for the construction of 
macroscopically s mmetric living organisms composed of asymmetric molecules, a contradiction 
can be felt. 
The external symmetry is a determining factor for our perception and judgement as well as for 
our physical activities. Symmetry is frequently related to the manifestation ofbeauty and harmony, 
although in some cases the embodiment of hideousness and fearfulness has also symmetrical 
patterns [3]. There are practical as well as rational reasons leading to the development of external 
biological symmetry. Let us consider humans. All activities in and against he external world can 
be grouped among the mechanical movements, and the probability for the success of a given 
activity depends on an equilibrium of forces. The simplest way to reach the equilibrium state is 
the use of pairs of forces. The pair in itself suggests bilateral symmetry. Obviously, the biological 
proportion of human bodies can not be derived so easily, but two interesting examples upport 
the above reasoning. 
(1) Nowadays, many babies come into the world with a partial weakness of the eye muscles 
causing the eyes to look in two different directions (squint or strabismus). This involves grave 
consequences. As a result of the non-parallel position of the eyes, pictures conveyed by the two 
eyes into the brain do not coincide, everything is seen in duplicate and movement becomes 
unbalanced. In each moment, the brain is forced to decide on choosing between the duplicate sets 
of information. This difficult task is solved by ignoring one of the pictures and after a while the 
eye conveying the "second" picture will be disconnected and will lose its ability to see [4]. 
(2) Dawkins, in his book entitled The Selfish Gene, sums up the replicator theories connected 
with the origins of life. The replicator is a spontaneously forming chemical system which is able 
to reproduce itself, for instance the DNA among the actual "polymolecules". Some replicators in 
the prebiotic soup had developed a defensive cover against other replicators and other dangers [5]. 
tAllusion is made to the book Symmetry Through the Eyes of a Chemist [1]. 
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Fig. 1. Schematic representation f r the four protein chains in hemoglobin a d the carbon-nitrogen 
skeleton of the porphyrine molecule. 
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These covers must have been aspecific in their constitution and shape. The covering of a single 
polymolecule living in aqueous medium must have been either close-fitting, following the 
morphological shape of the replicator, or encapsulating water because of the dissolved substances 
necessary for the replicator's elf-reproduction, they must have been shaped in the statically and 
geometrically most stable form: the sphere. At that moment, when this sphere was to get in touch 
with external partners, it had to be able to distinguish them from possible invaders. The less 
confusable marks on the extraneous body and the more specific the discerning system through 
which the newcomer had to pass, the more reliable the differentiation was. 
As the building blocks for these systems are molecules and the symmetric arrangement of their 
atoms diminishes with their becoming more complicated, a level is reached where not only the entire 
molecular system but even the constituting units are composed of asymmetric molecules. 
Like other asymmetric objects, asymmetric molecules have their mirror image pairs. This mirror 
image isomer (enantiomer, optical isomer, optical antipode)---in the case of chemical compounds-- 
can be formed spontaneously, but can also be prepared synthetically. In our biosphere their 
spontaneous generation is rare. The reason for it is that biochemical reactions producing these 
asymmetric molecules, important for life, always take place on asymmetric surfaces. On these 
asymmetric surfaces only one of the mirror image isomers can be derived, always with the same 
configuration. Under achiral conditions both mirror image isomers form simultaneously in equal 
amounts, since there is no energy difference between them detectable by the actual earth-scale 
measuring techniques. Nevertheless, taking into consideration the parity-violating weak neutral 
current interactions, Mason pointed out that the perfect mirror image of an amino acid with 
L-configuration can only be an amino acid with D-configuration built from anti-matter [6]. 
Although the difference in energy between the two mirror-image terrestrial amino acids is 
5.6.10 -19 eV, on human time-scale this difference is not enough for the enrichment of any of the 
enantiomers as an outcome of a given reaction pathway. At the same time, experimental results 
make it probable that the sense of the earth's rotation can affect he selectivity of reactions resulting 
in chiral products [7]. 
Evaluating these two pieces of information one may suppose that the preponderance of L-amino 
acids and D-sugars in nature could not have been incidental. As a consequence of the chiral 
discrimination, a slight excess of one of the enantiomers through billions of reaction steps has led 
to the complete suppression of its mirror image isomer. 
Seelig [8] elaborated a relatively simple statistical model for illustrating a possible way of the 
generation of optical activity in nature. The model is related to a two-step reaction where the 
autocatalytic effect of the end-product predominates. During these reactions the prochiral substrate 
is transformed into a chiral intermediate, which is further transformed into the end product. The 
configuration of the intermediate (and, consequently, the end product) depends on the chirality of 
the autocatalyst. If there is a slight excess (say, 10-g%) in favour of one of the enantiomers, after 
a finite number of repeated reactions, supposing a constant flow of the initial substrate, one of the 
optical isomers will prevail in the system (Fig. 2). 
The combination of the above approaches gives a possible answer to the questions: "why just 
this one of the optical isomers?" and "how did it disappear?". Appropriateness has required 
barriers for the free cross-combinations of the optical isomers. Their random combinations would 
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Fig. 2. How can a slight excess of one of the optical isomers induce the supression of its mirror image 
molecule in an autocatalytic two-stepreaction? The starting material (S) is achiral, the product (RII) 
and the intermediates (Fq) are chiral. Slight excess generated randomly in any of the mirror image 
autocatalysts leads to its exclusive spreading. 
have led to serious consequences. The number of stereoisomeric peptides built up from amino acids 
having only one asymmetric centre can be 2" (n = the number of the asymmetric centres in the 
product molecule). For instance, the sweet aste of the dipeptide formed from L-aspartic acid and 
L-phenyl-alanine methyl-ester xceeds that of sucrose by 160 [9, 10]. Interestingly, the L-aspartic 
acid itself is tasteless, while the L-phenyl-alanine is bitter [11]. To taste the sweetness of the other 
stereoisomers (Fig. 3) we should have three other receptors, with different structures. 
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Fig. 3. Stereostructural variations for a dipeptide theme. L-aspartyl-L-phenyl-alanine m thyl-ester 
marketed as ASPARTAME ®. 
Our reasoning then can lead to such a conclusion that symmetry is a requirement of stability 
and certainty, while asymmetry is the condition of unambiguous information storage and 
information transfer. 
DOES NATURE TEND TOWARD SYMMETRY OR ASYMMETRY? 
A large body of experimental evidence (in spectroscopy, crystallography, nuclear physics, 
chemical reactions etc.) [l] seems to confirm the existence and ruling of the law of symmetry. At 
the same time asymmetry is present [12], even in the world of elementary particles. 
For its practical advantages, human preferences to symmetry are very strong--we are willing to 
complete an object with its mirror image for being able to apply (or extend the usage of) 
symmetrically-structured principles and rules. 
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There are other approaches to unify the apparently conflicting points of view. In Urmantsev's 
general system theory [GST(U)]: " . . .  symmetry has a necessary complement and opposite that is 
a corresponding asymmetry". Within the framework of the GST(U), " . . .  asymmetry is a 
system category indicating a noncoincidence of system (S) in features (F) with an account of 
modifications (M)" [13]. 
INTERACTIONS AMONG ASYMMETRIC (CHIRAL) MOLECULES AND 
CHIRAL SYSTEMS 
One of the most exciting problems is the already mentioned unexplainable duality of the 
following "equation": 
asymmetric building + asymmetric encoding =~ symmetrical living 
blocks system organisms. 
Does the general information carrier, the multifold asymmetric double helix, really encode 
bilateral symmetry, which characterizes the major part of the animal kingdom? Bilateral symmetry 
in insects can be explained on the basis of circular asymmetries during early embryogenesis [14]. 
The individual cells-Muting ontogenesis--somehow "sense" their positions and this "positional" 
information is interpreted by embarking on position-specific developmental pathways. If the proper 
neighbouring cell(s) is (are) eliminated or somehow disappear(s), the remaining cell(group)s imitate 
or completely take its (their) function over. Only one important point is missing from the theory, 
i.e. how can the individual cells "sense" their relative positions in the developing system. 
There are some well-known examples of completion or function take-over in nature, e.g. 
regeneration processes in nematodes or function take-over between the two hemispheres of 
encephalon, in cases where partial injuries have occurred [15]. Obviously, there should be some 
other relationship between asymmetry and symmetry than their antinomy. 
Anet et al. [16] have shown that chiral objects cannot be split into achiral isometric objects, while 
it is obvious, that proper, even numbered combinations ofisometric, asymmetric elements can have 
mirror symmetry. At molecular level, this means, that while achiral molecules have an infinite 
number of chiral conformations (Fig. 4), chiral molecules have no achiral conformations at all. 
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Fig. 4. Achiral molecule having a symmetry plane orthogonal tothe main bond axis. All rotational 
isomers, but the eclipsed conformer, lack this symmetry element. 
Partial or complete lack of symmetry is one of the non-negligible factors influencing reaction 
rate: e.g., during the reaction of two chiral molecules the activation enthalpies for the diastereo- 
isomeric transition states are different primarily because of difference in steric accessibility. The 
product enthalpy differences derive from the greater steric crowdedness of one of the diastereo- 
isomers; 5k J/mole difference in activation enthalpy at 25°C results in a ratio of 7.5 for the reaction 
rate of the favoured isomer, loading to an enantiomeric excess of 76%, under kinetic control [17]. 
It is easy to guess that in the reactions of molecules having chirally more complicat~l structures, 
the stereodifferentiating effects will dominate; the energy difference will increase with increasing 
chirality. For instance, in the case of enzymes the difference amounts to the energy domain 
Asymmetry through the eyes of a(nother) chemist 429 
necessary for the configurational inversion of the asymmetric centre (racemization). This value is 
generally in the range of bond-breaking energies. 
All the above implies that both symmetry and asymmetry have relative meanings: any object (or 
system) can be treated as symmetric or asymmetric, if we choose proper observation points. Human 
beings, even nowadays, mostly choose those points where symmetry is more striking. For 
thousands of years human beings could have merely relied on external observations in cognition 
of nature leading to the consequences that the man-made or artistic objects are shaped and built 
up symmetrically. Thus the symmetric shapes and structures of our synthetic world may have their 
roots in copying natural objects and creatures. 
As the human ability for abstractions has developed, applications of symmetry rules have become 
conscious, so the cognition processes have become simpler and easier to treat. This also holds for 
cases where only details or a few features of the model can be described as symmetrical. 
However in nature asymmetry is at least as important as symmetry. In all important biochemical 
reactions, asymmetric molecules do play roles and so a number of "open" questions emerge from 
the field of chemistry and molecular biology. 
MANIFESTAT ION OF  ASYMMETRY IN  MOLECULAR D IMENSIONS 
As the two-dimensional, hexagonal benzene structure was amply supported by subsequent 
experimental work, Kekul6 was tempted to extend his flatland structural chemistry to aliphatic and 
inorganic compounds [18]. Molecular optical activity, however, did not yield to any explanation 
based upon the two dimension approach. 
Le Bel's pioneer work parallel to that of van't Hoff on the connection between optical activity 
in the fluid phase and enantiomorphous three-dimensional structures [19], gave organic stereo- 
chemistry its present form. The three-dimensional approach could provide the solution to a number 
of problems emerging in the field of organic chemistry, such as the above mentioned optical 
isomerism. Four different ligands attached to one carbon atom can be arranged in two mirror image 
(enantiomeric) ways (Fig. 5). Later on it turned out that optical isomerism is not exclusively bound 
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Fig. 5. Mirror image polyhedra of asymmetrically substituted carbon (tetrahedra), phosphorous 
(bipyramids) and cobalt (octahedra). 
to the presence of asymmetrically-substituted tetravalent carbon atoms, since properly substituted 
tri- and tetravalent nitrogen, tri-, tetra- and pentavalent phosphorous and tricoordinated, bivalent 
sulphur atoms or asymmetric substitution along an axis, plane or helix may also lead to optical 
isomerism (Fig. 6) [20]. If the coordination umber is greater than four, valencies of the central 
atom direct towards the vertices of a trigonal bipyramid (coordination umber five), or of an 
octahedron (coordination umber six) (Fig. 5). 
The metal centred octahedral structure for hexacoordinated transition-metal complexes was 
proposed by Werner, who deduced the number and type of (geometric and optical) isomeric 
products expectable as a result of ligand replacement reactions of symmetrically substituted cobalt 
430 M. Acs 
H 
CI- 
Fig. 6. Chiral arrangement along an axis, plane and helix. 
compounds [21]. To support his theory, Werner had provided convincing experimental evidence, 
in separating first geometric, later on optical isomers of coordination complexes, thus confirming 
the unity of entire chemistry [22]. 
Natural substrates have their unambiguous natural pathways to react, but synthetic ompounds 
may follow different and unpredictable ways in living organisms. This is particularly true for the 
enantiomers of chiral drugs. Dramatic differences in biological activity between the enantiomers 
may occur [23]. These differences manifest hemselves both in therapeutic and in toxic side effects. 
Thus, e.g. the (-)-isopropyl-noradrenaline is an 800 times more effective bronchodilator than its 
OH 
¢-H3 H ...I: H'NH'CH 2
Ch 3 " 
O -(-)-isopropyt-n oradrenatine 
(+)-isomer [24]. The racemate (1 : 1 mixture of mirror image isomers) can produce half of the 
therapeutic potency of the useful enantiomer. Enantiomers may convey opposite biological activity 
(antagonism) or reinforce the useful activity (synergism) of one another. In the latter case the 
racemate can have as strong activity as the enantiomer (Fig. 7) [25]. 
N 
""H3~N/.~COOH 
Fig. 7 (and Table 1). Configuration--antiallergic activity 
relationship in the series of pyrido [1, 2-a]pyrimidines [25]. 
The biological activities for the racemates are nearly 
identical to that of the S-(-)-isomers. If no interaction 
were among the enantiomers the racemates would show half 
equivalent biological potency. 
Table I. Antiallergic activity (i.v., gmole/kg) 
Configuration 
X Racemate S-(-) R-(+) 
H 0.6 0.3 54.8 
4--OH 1.7 0.14 110.5 
4--OEt 1.6 0.2 I00.0 
2 -COOH 0.48 0.5 37.1 
Differences in side effects may pose serious dangers. In the case of  propranolol, the fl- 
adrenergetic a tivity resides on S-(-)-isomer, while its mirror image has a contraceptive effect [26]. 
As both the racemic form and S-(-)-isomer are marketed [27], one can easily figure out how those 
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young women (longing for babies) felt, when light was thrown on the real reason for their apparent 
sterility: taking the drug. 
0 OH CH3 
Propranolol 
0 
H 
Thalidomide/Contergan 
The most shocking tragedy of our century caused by medicine was felt by those young women 
whom the racemic thalidomide was administered towhen less than three months pregnant. Besides 
its minor tranquillizing effect, thalidomide also proved to be teratogenic. More than 15 years after 
its withdrawal from circulation, a systematic study of the separated enantiomers showed that the 
R-(+)-isomer is indifferent for teratogenity while the S-( -)- isomer was responsible for the dreadful 
catastrophes [28]. 
Enantiomers under natural conditions do not act uniformly. Since receptors are chiral surfaces, 
the differences in biological activity depend on the distance between the asymmetric ( hiral) centre 
and the groups producing biological effect. The closer those groups, the greater the difference in 
activity is (Fig. 8). 
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Fig. 8. Configurational effect onto the biological ctivity---depending o  the distance between centre of 
biological ctivity and the asymmetric centre (*asymmetric carbon atom). (a) The two centres are closely 
related, the enantiomers bind selectively; (b) no significant difference in biological ctivity. 
A major part of the drugs acts through a receptor activating or inhibiting procedure. In both 
cases the drug has to show the characteristic features of the natural activators or substrates. One 
of the most significant ideas which helped elucidate what is happening when a substrate interacts 
with an enzyme was put forward by Fischer, who visualized the situation as a "lock and key" fit 
[29] as if the enzyme contained an indentation i to which the substrate could fit very precisely. If 
the key fits well, the reaction takes place; the wrong key will not work. 
This theory gives a relevant explanation for those cases, where the rest-state (conformation) of 
the receptor does not correspond to the form of the activated complex (Fig. 9). The activator/ 
substrate bound to the receptor can induce an alteration in the receptor conformation. The 
alteration depends on structural features, i.e. shape, charge distribution, etc. of the activator/ 
substrate molecule [30]. As the number of possible binding points on the receptor surfaces is greater 
than required by the natural substrate [31], an entirely different "key" may also induce the opening 
of the given lock. Otherwise the molecule bound irreversibly to the receptor may inhibit its 
functioning, as is the case, e.g. with the irreversible binding of carbon-monoxide or hydrogen- 
cyanide molecules to hemoglobin, instead of oxygen molecules [32] (Fig. 9). 
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Fig. 9. Schematic representation of a receptor in the ground-state and in the activated complex 
(hemoglobin before and after oxygen take-up, after Ref. [29]), 
The key-lock model suggests a rather static-mechanistic pi ture: a highly selective lock can only 
be opened with the proper key. However even these receptors (locks) can be fooled, compounds 
other than the key-molecules can also bind to them and activate, or inhibit, their functioning. 
When elucidating the behaviour of chiral compounds, the combined model of the left and right 
hands and the fitting (not fitting) gloves is frequently used (Fig. 10). 
Fig. 10. Fitting of mirror image hands to left-handed gloves---the r ceptor is symbolized by the gloves, 
substrates by the hands. Even a mitten cannot be fitted to the mirror image hand, however it does fit 
smaller homochiral hands. 
This picture can better describe such virtual anomalies as that the GABA (y-amino-butyric a id, 
which itself is an achiral molecule) agonists and antagonists are chiral molecules, and only one of 
their mirror image isomers has an effect on the GABA-receptor (Fig. 11) [33]. 
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Fig. 1 I. GABA and various chiral inhibitor, antagonist and agonist molecules acting on GABA receptor. 
The foregoing stresses the importance of the separation at least for pharmacological investi- 
gations. The separation procedures, called also optical resolutions, are based on the differences in
mutual affinity of the chiral molecules or/and on the differences in physico-chenldcal properties of 
the produced iastereoisomers. 
SEPARATION OF OPTICAL ISOMERS 
The most efficient way to get optically pure isomers is the use of biological, i.e. microbial and 
enzymatic methods. Their efficiency isdue to enzyme stereospecificity while the chemical specificity 
of enzymes limits their application. The physical separation methods are less efl~ent and rarely 
applied. The use of chiral chemical gents is the most widespread method for enantiomer separation 
[34]. Economic aspects can be decisive in selecting the proper eaction series for preparing a given 
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optical isomer. Chiral effects can induce the selective generation of one of the enantiomers, this 
is called asymmetric synthesis [35]. The efficiency of the applied method depends upon the 
differences in strength and life-time of the contacts formed between the chiral "effect" and the 
substrate. As a result of the reaction taking place between chiral reactants, new formations 
(compounds, alts, complexes, adducts) come into being. The new substance incorporates all the 
starting materials, and consists of two well-defined and even achirally distinguishable groups of 
molecules. These groups are identical in their constitution and arrangement ofcovalently connected 
atoms, but their spatial arrangement is not enantiomeric any more--they are called diastcreo- 
isomers. The physico-chemical properties of the diastereoisomers such as melting point, heat of 
fusion, solubility, spectroscopic characteristics are different. As a consequence of the different 
spatial arrangement in the two diastereoisomers, different interactions result in forming different 
second order contact. The question arises: what kind and what strength of structural differences 
may lead to the bulk separability of the diastereoisomers. 
As an illustrative xample for the distinctive mechanism and for the separation procedure l t us 
take the optical resolution of racemic ompounds via diastereoisomeric salt formation. 
The method is described by a simple equilibrium equation showing only the starting and ideal 
final state of the optical resolution: 
F~+ RR~-FR+ ~R 
F, H enantiomers 
R resolving agent. 
The equation is not apt to demonstrate he interactions formed among chiral and achiral 
molecules determining the behaviour and final state of the given system. Without being aware of 
and understanding the nature of these types of interactions, one cannot evaluate and elucidate the 
results of an optical resolution, and there is no way for scientific design and prediction for the 
results of a given optical resolution. 
In the reaction mixture of a resolution, solvent molecules have achiral effects on any of 
the chiral molecules. This achiral effect does not affect the relationship between the chiral 
molecules, only the chiral interactions are taken into account as a first step in studying this chiral 
system. 
A selected molecule (F) can get in touch with homochiral (F) and heterochiral (9 and R) 
molecules. The resulting dimer associates (FF/F~I and ~I/F~I) or salts (FR and HR) are in 
diastereoisomeric elationship. In the simplest case with only dimer formation, the result of 
enantiomer separation is determined by the equilibrium and stability conditions of the chiral 
components (Fig. 12) [36]. Precipitation of the most stable and the least soluble dimer can be 
expected. In some cases the racemic dimer (F~l) is so stable that under ordinary conditions (ambient 
temperature, neutral pH etc.) the starting racemate is recovered instead of one of the diastereo- 
isomeric salts [37]. 
Fig. 12. Chiral (dimer) interactions possibilities in the reaction mixture of optical resolution via 
diastereoisomeric saltformation. 
Diastereoisomeric d mcrs produced as a result of the homo- and heterochiral interactions can 
react in different ways, The question is: what kind and what strengths of interactions are needed 
to make diastereoisomers macroscopically distinguishable. 
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THE THREE-POINT  INTERACTION MODEL OF  
CHIRAL  D ISCRIMINAT ION 
Having considered the overall behaviour of systems built up from chiral components significant 
differences were found already in the interactions of corresponding molecule pairs, that is to say 
differences and similarities between enantiomer associates or diastereoisomeric salts can already be 
discovered in comparing dimer formations. 
A free one-point vertex interconnection between two tetrahedra can result in twice 10 
diastereoisomeric dimer pairs for the homo- and heterochiral (racemic) interactions, while the 
enantiomers and resolving agent may form twice 16 diastereoisomeric salt pairs. If, in the 
interaction, more than one vertices are concerned and one of the possible contacts (the strongest) 
is fixed by, e.g. ionic bond, a hydrogen bond, etc., the number of possible dimers along an edge 
falls to 6 from 21 in the case of enantiomer associates, and from 36 to 9 for diastereoismeric salt 
pairs. Selection and fixation of one of the edges causes a further eduction in the number of possible 
contacts along the faces of the tetrahedra (Fig. 13). 
~ t. _ 
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Fig. 13. The three-point interaction model for chiral discrimination. (a) fitting freedom for two-point 
interaction i  a racemic dimer (one vertex-pair s fixed); (b) fitting freedom for three-point interaction i  
a racemic dimer (one edge-pair is fixed). 
The first two interactions are equally probable in every corresponding diastereoisomer, but the 
third will be different, because of the mirror image relationship between the enantiomeric 
components of the diastereoisomers. Therefore, the diversity of properties leading to their 
separability is due to the differences in the third interactions both in the diastereoisomers [38] and 
in the non-racemic enantiomer mixtures [39]. 
The differential interaction energy between two fictive chiral tetrahedral molecules, such as two 
chiral ammonia, has been calculated by Salem et al. [40]. Using a six-centre forces approach, this 
was found to be 0.029 kJ/mole. Models based on two- or four-centre forces failed to give any chiral 
discrimination, i.e. no energy difference was found between the homochiral and racemic dimers. 
The "third", the differentiating interaction is rarely so well defined, e.g. hydrogen bond [41], 
charge-transfer complexes [42] (Fig. 14), that it could be identified by traditional, e.g. spectroscopic 
methods. 
NH-iPr 
C=O 
~N__H...!.. "O~cNH-iPr 
3"" .Med~o 
Fig. 14. A three-point interaction model showing the chiral discrimination between the enantiomers of 
N-(3, 5-Dinitorbenzoyl)leucine n-propylamide and methyl N-(2-naphtyl)alaninate. In the S-S-direct three 
second order contacts are formed as indicated on the figure with dotted lines. In the S--R-dimcr the 
n-donor-aeceptor interaction can not be' formed because of the spatial arranggnncnt of the aromatic 
ligands. The presence and the lack of thi's n-~-intcraetion shows itsolf in th© colour of the ~ ived  
complexes: the S~-dimer in solution is dark orange, while its diastereoisomer is pale yellow. (Based upon 
the data published in Ref. [42].) 
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In practice, these "pure" dimer interconnections do not exist, optical resolution itself is mostly 
linked to a phase transition (in our case to a liquid-solid phase transition). Characteristic features 
of the crystalline phase can be discovered even in solution, in the "last" moment before 
precipitation starts. Consequently, not only the dimer-contacts, but further dimer-dimer inter- 
actions should be taken into account. In this way the weak second order interactions, which are 
undetectable in single dimers, are multiplied, partly because of the formation of new types of 
interactions. As a result of this multiplication, macroscopic properties of diastereoisomers become 
distinguishable [43]. 
MACROSCOPIC DIFFERENCES AND WEAK SECOND ORDER 
INTERACTIONS 
One of the routine processes of the optical resolutions via diastereoisomeric salt formation 
is the separation of N-methamphetamine enantiomers using natural 2R, 3R-tartaric acid, in 
anhydrous alcoholic medium [44]. The R-base-R, R-tartrate crystallizes because of its greater 
stability and poorer solubility (Table 2). The origin of these differences in physico-chemical 
16 
OH 4 1312 1,; 
9 H HOOC I \ . . . .  
. H 
R-N-  melhamphetamine R,R-tartoric acid 
properties can be found among second order interactions. As the differences are amplified in solid 
phase, and the result of optical resolution occurs in solid state, single crystal X-ray diffraction is 
a proper method for their determination [44]. 
Table 2. Characteristic parameters for diastereoisomeric N-methampbetamine tartrates 
Diastemoisomer Base-2R, 3R-tartrate Difference in 
Parameter S R favour of R-RR salt 
Melting point (°C) I 15 
Heat fusion (k J/mole) 70 
Solubility (g/100g, EtOH) 4.2 
Hydrogen bonds 
I. 
II. 
III. 
IV. 
V. 
C -H . . .  O'[" 
1. C( l ) -n( lA) . . .  0(20) 
2. C(1)-H(IC)... O(21) 
3. CO)-H(4B)... O(14) 
4. C(8)-H(8)... 0(20) 
5. 
164 +49 
49 -21 
0.16 x25 
Symmetry 
N(2)--H(2A)... O(14) 1000 
N(2)-H(2B)... O(12) 10,0 
O(16)-H(16)... O(18) 20-u 
O(18)-H(18)... 0(14) 20-,2 
O(21)-H(21)... O(12) 100~ 
C(I)-H(IC). . .  0(20) 1~ 
C(I)-H(IB).. .  O(21) 2092 
C(5)-H(5A)... 0(20) 1o~  
C(8)-H(S)... 0(20) 21o 2 
C(9)-H(9)... O(16) 2~o 2
tContacts between the cation and the tartrate anion with C. . .  O distance less than 3.6A (Fig. 15). 
Symmetry codes: 1: x,y,  z, ; 2:2 -x ,  1/2 +y,  -z .  
The hydrogen bonding patterns for the two diastereoisomer salts are similar (Table 2) and the 
differences between the salts are caused by non-bonded, second order interactions (Table 2 and 
Fig. 15). In the less soluble R-base tartrate, an additional weak C-H . . .  O contact [45] is found 
between the para hydrogen atom of the phenyl group and an oxygen atom of the alcoholic hydroxyl 
group attached to one of the neighbouring tartaric acid molecules. 
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Fig. 15. Numbered dotted lines show the weak second order interactions in diastereoisomefic 
methamphetamine tartrates. For the hydrogen-bonding see Table 2. The tartrate anion chain is 
represented by the cylinders. 
The close-contact of the above atomic groups discovered by X-ray crystallography has been 
confirmed as an attractive interaction by quantum-chemical calculations [46]. This special 
interaction, uncommon in organic chemistry has been proved to be so strongly bonding that the 
formation of crystalline structure in the R-metamphetamine d rivative series is unimaginable 
without it. For instance the R-p-fluro-metamphetamine-R, R tartrate cannot be crystallized from 
anhydrous olutions, and the crystalline solid can only form when encapsulating one molecule 
of water per salt unit. This water cannot be eliminated without decomposition [47]. In acidic 
tartrates the tartrate ion pattern showed a remarkable similarity. This similarity and the fact that 
tartaric acid is the most frequent resolving agent among chiral acids [48] merit our particular 
attention. 
WHY IS TARTARIC ACID A GOOD RESOLVING AGENT? 
The answer seems to be quite simple: the altogether four-membered carbon chain contains 
four groups capable of establishing hydrogen donor-acceptor bonds and two further groups 
forming hydrogen acceptor bonds. This large concentration of second order interacting 
groups renders highly selective chiral recognition and discrimination possible. However, the 
same possibility is given for the mirror image isomer of the racemate to be resolved--since 
the variability of the interconnections between the chiral base and tartaric acid makes it 
possible for the diastereoisomeric salts to have similar stability with obviously different 
structure. 
This virtual contradiction is resolved by a special self-recognition mechanism of tartaric acid. 
The acid molecules form an infinite chain through a hydrogen-bonding system established between 
the carboxyl and earboxylate groups. The enantiomers of the chiral base approach the chain by 
Coulombic attraction. One base molecule is surrounded by four tartaric acids, members of the 
distinct infinite chains. The four chains linked by bases, by further hydrogen bridges [49], and by 
weak second order interactions, form a chiral channel (Fig. 16). The base properly fits and binds 
to the channel wall. 
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Fig. 16. Schematic arrangement of tartaric acid in its acidic salts. (After Ref. [45].) 
Analysis of the six metamphetamine tartrate structures, and of ten randomly selected bitartrate 
structures available in the Cambridge Crystallographic Databank (116 structures by May, 1984) 
led to the conclusion that tartaric acid in its acidic structures forms a head-to-tail type bitartrate 
chain, independently of the cation quality [44], 
Carstrrm [50] pointed out that this pattern is characteristic not only for the acidic salts, but for 
the neutral salts, as well and even for the free acid. 
The tartrate structure bears high order flexibility in spite of its repeating features or even due 
to them. Since the chains can move with respect to one another, the position of the binding points 
also changes, and the hydrogen bonding pattern can expand or contract according to the steric 
requirements of the cations. Thus its chiral recognition ability involves a large variety of chiral 
bases. 
SYMMETRY VERSUS CHIRALITY AND THE PRINCIPLE 
OF COMPLEMENTARITY 
The greater the self-accomodation ability of a given formation, the better its prospects for 
survival. If an organism proves to be capable of living, then its reproduction rate clearly depends 
on its degree of symmetry, under identical condition [51]. The more symmetric the "object", the 
faster its reproduction, and thus its occurrence in nature is more frequent han its less symmetric 
rivals (Fig. 17). Qualitative and quantitative direction of natural propagation, of how many, how 
5o p 2 0 
4, & 
F--1 
I ]1.1 s' • 2' 
L J  ,e ,. 
-g- .g- -g- -U- 
Fig. 17. Propagation possibilities for symmetric and asymmetric formations. Both formations are 
self-reproducing along the straight line. If every condition remains the same their propagation--and 
developing and splitting rate is identical then in the fourth generation the number of squares will exceed 
by more than 15 times the number of "P". 
well structured and what sort of species do generate, is an issue in molecular dimensions. Most 
of the biochemical reactions uch as e.g., protein synthesis take place on asymmetric surfaces. As 
it was formerly mentioned, adherence to the building instructions i of vital importance for accurate 
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functioning. The more unambiguous the commands, the easier to adhere to technological discipline. 
If only this requirement were taken into account, it would be the postulation of the law of 
asymmetry. However, the end product of the processes depends not only on the "command" (or 
instructions) but on the subject and on its receptivity, too. The most frequent way of receiving a 
command is the temporary interconnection between messenger and addressee. The closer their 
connection, the more accurate the information transfer. 
As the affinity forces are of electrostatic origin, a proper charge distribution is the condition of 
"contact formation", e.g. a complementary charge distribution, must characterize the substrate and 
the catalyst on the asymmetric surface in their reaction centres. The complementary charge 
distribution corresponds toa well defined chemical structure and vice versa. Complementary fitting 
is a well studied problem with nucleinic acids. In the double helix of DNA, a given purine base 
is always linked to the same pyrimidine base. The special hydrogen-bonding system connecting the 
two strands of the double helix requires proper arrangement of the base pairing (Fig. 18) [52]. For 
a better fitting of the amino acids to be transferred and reacted, a thymine--uracil change 
(5H ~ 5CH3) takes place in messenger--and transfer--RNA [53]. 
N H~N-H ,, O~ 
R1 0 R z 
N 0 
/N - - - -~N=<~ 
NH2 
Adenine - Thymine ( R = CH 3 ) 
Uracil (R=H) 
Guanine - Citozin 
NH2 
Base ° l:xairing in DNA 
double helix 
Fig. 18. Complementary purine (A, G) and pyrimidine (T, U, C) bases linked by hydrogen bonds in the 
DNS strands. 
The temporary close-fitting of the complementary surfaces leads to a temporary reduction of the 
asymmetry in the studied system (Fig. 19). 
© 
Fig. 19. Temporary close-fitting of asymmetric surfaces may reduce the "degree of asymmetry", 
The complementarity can serve as a possible and plausible xplanation of chiral discrimination 
or recognition. 
An interesting example for complementary chiral discrimination can be observed in the crystal 
structures of strychnine and its methoxy derivative, brucine, which are frequently applied resolving 
R 
R = H : s t rychn ine  
R=OCH3 : brucine 
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agents. Both compounds contain several polar groups enabling them to form hydrogen bonds and 
second order interactions. A thorough study of their crystal structure was accomplished by Gould 
and Walkinshaw [54]. For both alkaloid molecules, a layered structure is characteristic. The 
geometry and conformation of the bases are identical independently of the anion. The distance 
between the layers varies according to the bulkness and structure of the guest molecules. The 
difference in their chiral discriminating ability originates from their different layer structures. 
All the strychnine salts show a similar bilayer packing pattern. The strychnine molecules are 
packed back to back to allow the protonated amine nitrogen bond with the solvent/anion sheet. 
The hydrogen-bonding etwork tying together the bilayers can be formed by means of any molecule 
containing more than one polar group. The chiral recognition is provided by the chiral holes of 
the bilayers. The corresponding groups (e.g. phenyl) of the enantiomer can not be intercalated 
properly into these cavities. This close-fitting, or the lack thereof, allows a high order enantio- 
discrimination for strychnine (Fig. 20). 
Strychnine Brucine 
Monoloy~_rLL~L--;t (.-'~(,,.../¢"~'~"1 : " ~'--, 
Bilayer 
( . . . . . . . . . . . . . . . . . . . . .  -- I 
Fig. 20. The layered structure of strychnine and brucine in their salts. (After Ref. [54].) 
The crystal structure of the brucine complexes i composed of monolayer sheets of brucine. The 
monolayers are separated and simultaneously tied by a channel comprising the anion and the 
molecules of crystal solvates. The brucine molecules are stacked with the plane of the indole ring 
perpendicular to the plane of the monolayer sheet, providing a corrugated chiral surface with many 
binding points for the guest molecules (Fig. 20). 
Owing to the structural flexibility arising from the variable layer distances and the variability 
of the relative positions of the layer, these alkaloids are widespread resolving agents. Brucine has 
been applied as resolving agent for 175 racemic acids in 400 randomly selected resolution 
procedures) [48]. 
Although tartaric acid, brucine and strychnine are excellent resolving agents, they would not be 
proper information carriers because of the small activation energy differences between the chiral 
recognition/discrimination processes for two enantiomeric molecules. During the early stages in a 
number of optical resolutions the precipitating salt mixture comprises the two diastereoisomeric 
salts in equal amount, i.e. the racemate to be resolved is recovered in unchanged form. The 
diastereoisomeric atio gradually shifts to the equilibrium value. The "messenger" cannot afford 
this time-consuming delay. Although reversible contact formations take place during biochemical 
reactions, it cannot mean an equilibrium competition between the enantiomers: interactions under 
natural conditions are practically forbidden between the receptor and the mirror image isomer of 
the natural substrate. 
CAMWA 17- l/~-BIt 
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In  enzyme-cata lyzed b iochemica l  react ions,  an er roneous  react ion occurs in every mi l l ionth  
turn-over .  Th is  value is quite character ist ic  o f  the order  o f  the act ivat ion energy differences in such 
b iochemica l  react ions.  
A plausible exp lanat ion  to this large difference is in the perfect f itt ing o f  complementary  chiral  
surfaces in one case and the lack o f  it for its enant iomer .  The complete  complementar i ty  impl ies 
morpho log ica l  and charge d ist r ibut ion aspects, both  hav ing their or ig in in the chemical  structure 
o f  the molecules.  
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